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Description 

The present invention relates to new silica sots and 
to the use of the new sols in the production of paper. 
More particularly the invention relates to new silica sols s 
which have particles of a certain specific surface area 
and which have a comparatively high amount of so 
called microgel. The new sols are particularly suitable 
for use as additives in combination with polymers in the 
production of paper. 10 

Silica sols, which term is used herein for silica hy- 
drosols, are aqueous systems with very small silica par- 
ticles which find use in a variety of fields, among other 
things dependent on the particle size. In the production 
of paper silica based sols with very small, colloidal, an- 1$ 
ionic silica particles have found an increasing utilization 
during the last few years. Silica sols are hereby used as 
additives to the stock in combination with cat ionic or am- 
photeric polymers, mainly for improving retention and 
dewatering in the production of paper. In the European 
patent 41056 the use of colloidal silica sols in combina- 
tion with cationic starch is for example disclosed. In the 
PCT applications WO 86/001 00 and WO 86/05826 com- 
binations of silica sols, with particles where at least the 
surface groups contain aluminium, and cationic natural 
polymers and cationic polyacry I amides, respectively, 
are disclosed. The silica particles are generally stated 
to have a specific surface area within the range of from 
50 to 1000 m 2 /g. The sols which are used commercially 
in paper production are of the type which have discrete 
colloidal particles with a particle size usually of from 
about 4 to about 7 nm, ie a specific surface area of from 
about 700 to about 300 m 2 /g, and above all sols with 
particles having a specific surface area of about 500 
m 2 /g have been used commercially. It has generally 
been considered that sols with particles of the above 
mentioned size give the best results and they have also 
been preferred with regard to stability. Quite generally it 
has been an aim that the silica sols should be as mon- 
odisperse as possible, ie that the particles of the sols 
should be discrete and non-aggregated and have as 
narrow particle size distribution as possible. At the prep- 
aration of sols it has thus been sought to avoid aggre- 
gation, ie formation of microgel. According to the PCT 
application WO 91/07350 silica sols with a certain de- 
gree of microgel formation have been developed. These 
sols are based on particles with a very high specific sur- 
face area and have been found especially useful in com- 
bination with polymers in the production of paper. The 
sols are based on particles with very high specific sur- 
face area, from 750 to 1000 m 2 /g, preferably from 800 
to 950 m 2 /g, and the particles are surface modified with 
aluminium for stabilization of the high surface area. 

According to the present invention it has been found 
that sots of silica based particles, ie particles based on 
Si0 2 , which have a specific surface area within the 
range 300 to 700 m 2 /g and which contain comparatively 
high amount of microgel give very good effect as con- 



2 

cerns retention and dewatering in papermaking. tt has 
especially been found that sols with particles of the giv- 
en specific surface area and content of microgel accord- 
ing to the invention give substantially improved effect 
when they are used in combination with cationic acryla- 
mide based polymers in comparison with previously 
used silica based sols with specific surface area in the 
same range which substantially contain discrete parti- 
cles. The content of microgel, or aggregate, can be con- 
trolled during the production of the sols. 

The present invention thus relates to new sitica sols, 
as further defined in claims, and also relates to a proc- 
ess for the production of the sols and to the use of the 
sols. 

The new sols are characteristic in that they have a 
high content of microgel, ie a low S-value, and in that 
the sol particles have a specific surface area within the 
range from 300 to 700 m 2 /g. The given specific surface 
area is measured by means of titration with NaOH ac- 
cording to the method disclosed by Sears in Analytical 
Chemistry 28(1 956): 12, 1981-1983. The specific sur- 
face area is suitably within the range from 400 to 650 
m 2 /g. 

In contrast to known commercial sols with the above 
mentioned specific surface areas which are used in pa- 
permaking the present sols have a comparatively high 
content of microgel and thus a low S-value. It is as- 
sumed that the microgel, the aggregates, to a substan- 
tial extent is present in the form of two- or three-dimen- 
sional structures, of more less cloud-like formation, cf 
aggregated primary particles. The S-value for the 
present sols is within the range from 15 to 40 per cent 
by weight and preferably the S-value is within the range 
from 15 to 35%. The given S-value has been measured 
and calculated in accordance with what is disclosed by 
Her, R.K. & Dalton R. L. in J. Phys. Chem. 60(1956), 
955-957. The S-value can be considered as a measure 
of the degree of aggregate or microgel formation and a 
low S-value indicates a greater part of microgel and can 
also be considered as a measure of the Si0 2 -content of 
the dispersed phase in per cent by weight. 

The particles in the present sols can be unmodified 
silica particles or be silica particles which are surface 
modified with aluminium. Sols which contain silica which 
is not aluminium modified are preferred. For aluminium 
modified particles these are suitably modified to a de- 
gree of from 2 to 25 per cent, suitably from 3 to 20 per 
cent. With a degree of aluminium modification is meant 
the part of aluminium atoms which have replaced silicon 
atoms in the surface of the particles. The degree of alu- 
minium modification is given in per cent and is calculat- 
ed on basis of 8 silanol groups per nm 2 . This is de- 
scribed by Her, R.K. in Journal of Colloidal and Interface 
Science , 55(1976):1, 25-34. The present sols suitably 
have a dry content, calculated as Si0 2 , of from about 3 
to about 40 per cent by weight and the dry content is 
preferably within the range of from about 5 to about 30 
per cent by weight. 
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It has been found that these new sols which contain 
anionic particles are useful in the production of paper 
and similar products and that they herein, in combina- 
tion with cationic polymers give very good improvement 
of retention and dewatering. It has particularly been 
found that the new sols according to the invention which 
contain particles which are not aluminium modified give 
a substantial improvement when they are used in com- 
bination with cationic acrylamide base polymers in com- 
parison with commercially used such sols which have 
particles of the same size but in which the particles are 
substantially discrete. In addition to silica sols as de- 
fined in the appended patent claims the present inven- 
tion also relates to a process for the production of the 
new silica sols and to the use of the sols as stated in the 
appended patent claims. 

Furthermore it is disclosed a process for the pro- 
duction of silica sols which have comparatively low S- 
values and which have a specific surface area within the 
range of from 300 to 700 m 2 /g. According to the inven- 
tion silica sols are prepared starting from a conventional 
alkali water glass, potassium or sodium water glass, 
preferably sodium water glass. The mole ratio of Si0 2 
to Na 2 0 or K 2 0, where Na^ and K 2 0 in the following 
will be given as M 2 0, in the water glass can, as per se 
known, be within the range of from 1.5:1 to 4.5:1 and is 
preferably within the range of from 2.5:1 to 3.9:1 . A di- 
luted solution of the water glass is utilized and this suit- 
ably has an Si0 2 content of from about 3 to about 12 
per cent by weight, preferably from about 5 to about 10 
per cent by weight. The water glass solution which usu- 
ally has a pH around 13, or above 13, is acidified to a 
pH of from about 1 to about 4. The acidification can be 
carried out in per se known manner by addition of min- 
eral acids, such as for example sulfuric acid, hydrochlo- 
ric acid and phosphoric acid or optionally with other 
known chemicals for acidification of water glass such as 
ammonium sulphate and carbon dioxide. At addition of 
mineral acid the acidification is carried out in two steps, 
a first step to a pH of about 8 to 9, whereafter a certain 
ripening, ie a particle growth, is allowed to occur before 
further acidification to a pH of from about 1 to about 4. 
However, it is preferred that the acidification is carried 
out by means of acid cation exchangers which among 
other things lead to more stable products and give al- 
most sodium free acid sols. The acidification is prefera- 
bly carried out by means of strongly acid cation ex- 
change resins, for example of sulfonic acid type. It is 
preferred that the acidification is carried out to a pH of 
from about 2.0 to 4.0 and most preferably from about 
2. 2 to about 3.0. The acid sol obtained after acidification 
is then made alkaline. The alkalization can be carried 
out with conventional alkali such as sodium, potassium 
or ammonium hydroxide. It is, however, preferred that 
alkalization is carried out by addition of water glass. Po- 
tassium and sodium water glass, particularly sodium 
water glass, with a mole ratio of Si0 2 to M 2 0 as above 
described is used in this alkalization step. The Si0 2 con- 



tent of the water glass solutions used for alkalization is 
suitably within the range of from about 3 to about 35 per 
cent by weight and preferably within the range of from 
5 to 30 per cent by weight. The alkalization is suitably 
s carried out to a pH of at the lowest equal to 7 and suitably 
to a pH within the range of from 7.5 to 9. The alkalization 
is further suitably carried out to a final mole ratio Si0 2 
to M 2 0 within the range of from about 20:1 to about 75: 
1 , suitably within the range of from about 30:1 to about 
10 60: 1 . At the preparation of a sol as above the degree of 
microget can be influenced in several ways and be con- 
trolled to the desired low value. The degree of microgel 
can be influenced by salt content, by adjustment of the 
concentration at the preparation of the acid sol and at 
15 the alkalization since in this step the degree of microgel 
is influenced when the stability minimum for the sol is 
passed, at a pH of about 5. By prolonged times at this 
passage the degree of microgel can be directed to the 
desired value. It is particularly suitable to control the de- 
20 gree of microgel by adjustment of the dry content, the 
Si0 2 content, at the alkalization whereby a higher dry 
content gives a lower S-value. By keeping the Si0 2 con- 
tent at the alkalization in the range of from 7.5 to 5 per 
cent by weight the S-value can be controlled to the given 
25 values 15 to 40%. Another suitable way to control the 
degree of microgel is by adjustment of the alkalization 
to a certain pH and the above given pH values to which 
the alkalization is carried out controls the S-values tc 
lower values at a lower pH. To obtain sols with S-values 
30 within the range 15 to 40% the pH at the alkalization is 
suitably controlled to the range 7.5 to 8.5. At alkalizatior 
to this pH-range a suitable Si0 2 content is within the 
range from about 5 to about 6 per cent by weight. The 
acid sol hat particles with a high specific surface area, 
35 above 1 000 m 2 /g and usually around about 1 300 m 2 /g. 
After the alkalization a particle growth starts and thereby 
a decrease of the specific surface area. After the alka- 
lization a growth process is thus carried out so that the 
desired specific surface area is obtained. The desired 
40 decrease in surface area to the range 300 to 700 rr^/g 
can be obtained by heat treatment. At heat treatment 
times and temperatures are adjusted so that shorter 
times are used at higher temperatures. From a practical 
point of view it is suitable to carry out heat treatment at 
45 temperatures up to about 95° C during about half an hour 
up to about 24 hours. When the particles have obtained 
the desired specific surface area an aluminium modifi- 
cation of the surface can be carried out if desired in order 
to give particles which have a better charge stability in 
50 acid environment than unmodified particles. The modi- 
fication is an aluminium modification and is carried out 
by means of an aluminate, sodium or potassium alumi- 
nate, preferably sodium aluminate. The aluminium mod- 
ification of the particle surface is carried out in per se 
55 known manner and to a degree of surface modification 
of 2 to 25%, particularly to a degree of 3 to 20%, as men- 
tioned above. According to the present process silica 
sols with dry contents of from about 3 to about 40 per 
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cent by weight, after optional concentration, can be pre- 
pared and the produced sols show very good storage 
stability, ie they can be stored for several months without 
substantial decrease of the specific surface area and 
without gel formation. 

The new sols according to the invention are partic- 
ularly suitable for use in papermaking. The present in- 
vention relates also to this use of the sols. As mentioned 
by way of introduction it is well known to use silica based 
sols in combination with cationic polymers in the pro- 
duction of paper, first of all in order to get improved re- 
tention and dewatering. The present silica sols are uti- 
lized in the same manner as earlier known for silica sols 
with anionic particles and they give, in combination with 
cationic polymers and amphoteric polymers, a substan- 
tial improvement of the retention and dewatering in the 
production of paper. Even if arbitrary order of addition 
can be used it is preferred that the polymer is added 
before the sol. The sols can with good effect be used 
within the whole pH range 4 to 10 in papermaking. The 
improved dewatering also results in that the speed of 
the papermaking machine can be increased and, fur- 
ther, less water need to be removed in the press and 
drying sections of the machine and a substantially eco- 
nomically improved papermaking process is thus ob- 
tained. The substantially improved effect of the present 
sols with low S-values in comparison with correspond- 
ing sols of higher S-values when they are used in com- 
bination with cationic acrylamide based polymers 
should be especially emphasised. 

The present invention thus also relates to a process 
for the production of paper with the characteristic fea- 
tures defined in the claims. The cationic or amphoteric 
polymers can be natural, ie based on carbohydrates, or 
be synthetic. As examples of suitable polymers can be 
mentioned cationic and amphoteric starch, cationic and 
amphoteric guar gum, cationic and amphoteric acryla- 
mide based polymers, cationic polyethyleneimines, 
polyamidoamines and poly(diallyldimethyl ammonium 
chloride). The polymers can be used singly or in combi- 
nation with each other. Cationic acrylamide based pol- 
ymers are the preferred polymers for use in combination 
with the present sols. 

The amount of silica sol and polymer in the produc- 
tion of paper according to the present invention can vary 
within wide limits depending on, among other things, 
type of stock, presence of fillers and other conditions. 
The amount of sol should suitably be at least 0.01 
kg/ton, calculated as Si0 2 on dry fibres and optional fill- 
ers, and is suitably within the range of from 0.05 to 5 
kg/ton and preferably within the range from 0.1 to 2 
kg/ton. The sol is suitably added to the stock at dry con- 
tents within the range of from 0. 1 to 5 per cent by weight. 
The amount of polymer is to a high degree dependent 
on the type of this and other effects desired from this. 
For synthetic polymers at least 0.01 kg polymer per ton, 
calculated as dry on dry fibres and optional fillers are 
usually used. Suitably amounts of from 0.01 to 3 and 



preferably from 0.03 to 2 kg per ton are used. For poly- 
mers based on carbohydrates, such as cationic starch 
and cationic guar gum, amounts of at least 0.1 kg/ton, 
calculated as dry on dry fibres and optional fillers, are 

5 usually used. Suitably these are used in amounts of from 
0.5 to 30 kg/ton and preferably from 1 to 15 kg/ton. The 
weight ratio of cationic polymer to sol, calculated as 
Si0 2> should usually be at least 0.01:1 and suitably at 
least 0.2:1 . The upper limit for the polymer is first of all 

io set by economical considerations and with regard to 
charges. For polymers of lower cation icity such as cat- 
ionic starch, alone or in combination with other cationic 
polymers, very high amounts can thus be utilized, up to 
a ratio of 100:1 or higher, and the limit is mainly decided 

is by economical reasons. Suitable ratios of cationic or 
amphoteric polymer to sol, calculated as Si0 2 , for most 
systems is within the range of from 0.2:1 to 100:1. The 
present sols can of course be used in papermaking in 
combination with conventional paper additives such as 

20 hydrophobing agents, dry strength agents, wet strength 
agents etc.lt is particularly suitable to use aluminium 
compounds in combination with the present sols and 
cationic polymers since it has been found that alumini- 
um compounds can give a further improvement of re- 

25 tention and dewatering. Any for use in papermaking 
known aluminium compound can be used, for example 
alum, polyaluminium compounds, aluminates, alumini- 
um chloride and aluminium nitrate. The amount of alu- 
minium compound can also vary within wide limits and 

30 it is suitable to use the aluminium compound in a weight 
ratio to the sol, calculated as Si0 2 , of at least 0.01:1 
whereby the aluminium compound has been calculated 
as Al 2 0 3 . The ratio suitably does not exceed 3:1 and is 
preferably within the range from 0.02:1 to 1,5:1. The 

35 polyaluminium compounds can for example be polyalu- 
minium chlorides, polyaluminium sulphates and polya- 
luminium compounds containing both chloride and sul- 
phate ions. The polyaluminium compounds can also 
contain other anions than chloride ions, for example an- 

40 ions from sulphuric acid, phosphoric acid, organic acids 
such as citric acid and oxalic acid. 

The silica sols and the polymers can be utilized in 
the production of paper from different kinds of stocks of 
cellulose containing fibres and the stocks should suita- 

45 bly contain at least 50 per cent by weight of such fibres, 
based on dry material. The components can for example 
be used for stocks of fibres from chemical pulp, such as 
sulphate and sulphite pulp, thermomechanical pulp, re- 
finer pulp or ground wood pulp from both hardwood and 

50 softwood and can also be used for stocks based on re- 
cycled fibres. The stock can also contain mineral fillers 
of conventional types, such as for example kaolin, tita- 
nium dioxide, gypsum, chalk and talcum. The terms pa- 
per and papermaking which are used herein do of 

55 course not include solely paper and its production but 
also other cellulose fibre containing products in sheet or 
web form such as pulp sheets, board and cardboard and 
their production. 
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The invention is further illustrated in the following 
examples which, however, are not intended to limit the 
same. Parts and per cent relate to parts by weight and 
per cent by weight unless otherwise stated. 

Example 1a) - 1c) 

In these examples different sols were prepared: 

1a) Reference. Sol with S-value of about 53 con- 
taining non-aluminium modified silica particles hav- 
ing a specific surface area of 500 m 2 /g. This sol cor- 
responds to a commercial sol developed on basis 
of the European patent 41056. The sol was pre- 
pared according to the following: 

1 275 g of water glass with an Si0 2 -content of 
24.2% and a weight ratio Si0 2 :Na 2 0 of 3.45 was 
diluted with 4045 g of water to an Si0 2 -content of 
5.8%. The water glass solution was ion exchanged 
in a column filled with strong cation exchange resin 
(Amberlite !R 120) and diluted with water to 5.41% 
Si0 2 . 4000 g of the ion exchanged water glass was 
charged to a reactor. While stirring well 354.2 g of 
water glass (5.8% Si0 2 ; Si0 2 :Na 2 0 = 3,45) were 
added to the ion exchanged water glass. The time 
of addition was about 15 seconds. The alkalized 
solution was then heated to 85° C and heat treated 
at this temperature for 75 minutes. After finished 
heat treatment the sol was cooled. 
1 b) According to the invention. Sol with an S-value 
of 31 containing non-aluminium modified silica par- 
ticles with a specific surface area of 545 m 2 /g. The 
sol was prepared according to the following: 

1625 of water glass with an Si0 2 -content of 
24.2% and a ratio Si0 2 :Na 2 0 of 3.45 were diluted 
with 4075 g of water to an Si0 2 -content of 6.9%. 
The water glass solution was ion exchanged in an 
ion exchange column according to Ex. la) and the 
ion exchanged water glass was diluted to 6.49% 
Si0 2 . 4600 g of the ion exchanged water glass were 
charged to a reactor vessel. While stirring well 400 
g of water glass (6.9% Si0 2 ; Si0 2 :Na 2 0 = 3,45) 
were added to the ion exchanged water glass. The 
alkalized solution was then heated to85°C and heat 
treated at this temperature for 60 minutes. After fin- 
ished heat treatment the sol was cooled. 
1c) According to the invention. Sol with an S-value 
of 21 containing aluminium modified silica particles 
with a specific surface area of 631 m 2 /g. The sol 
was prepared according to the following. 

A diluted water glass solution (Si0 2 :Na 2 0 = 3.4) 
was ion exchanged in a column and an ion exchanged 
water glass with an Si0 2 content of 5. 36% was obtained. 
To 4000 g of this solution 80.6 g of water glass (22.2% 
Si0 2 ; Si0 2 :Na 2 0 = 3,41 ) were added. The addition time 
was about 15 seconds. The alkalized solution was then 
heated to 75°C and treated at this temperature for 120 



minutes. The sol was cooled and then H + -satu rated cat- 
ion exchange resin (Amberlite IR-120) was added in an 
amount to give a pH value of 7.2. The ion exchange resin 
was then filtered off. To 3770 g of the pH-adjusted sol 
s 25.4 g of sodium aluminate (Al 2 0 3 -content 25.5%) were 
added. Before the addition the sodium aluminate had 
been diluted with 225 g of water. The pH adjusted sol 
was heated to 45° C before the addition and the addition 
time for the aluminate was 60 minutes. 

10 

Example 2 

In this example the retention effect, retention of fi- 
bres and fillers, of sols 1 a) and 1 b) in production of paper 
was investigated. A standard stock, based on pulp with 
the composition 60% bleached birch sulphate + 40% 
bleached pine sulphate to which had been added 30% 
of chalk as filler and 0.3 g/l of N^SC^. 1 0H 2 O, was used. 
The stock had a concentration of about 5 g/l, a fine frac- 
tion content of 38% and a pH of 8.1 . 

The retention effect, in this and following examples, 
was evaluated by means of a Britt Dynamic Drainage 
Jar at 800 rpm. This is the conventional retention test 
method used in the paper industry. The sols were used 
in varying amounts in combination with a cationic acry- 
lamide based polymer (Floerger Fp 4190 PG with 10 
mole% cationic charges and a molecular weight of about 
10 millions). The cationic polyacrylamide was in all tests 
added in an amount of 0.8 kg/t and it was added before 
the sol. All given dosages, in this and following exam- 
ples, are calculated as dry on dry fibres and optional 
fillers. The results are shown in the following table. 



Sol 1a) 


Sol 1b) 


Retention 


Ref. 


kg/t 


kg/t 


% 


0.3 




48.5 


0.5 




51.9 


0.7 




53.9 


1.0 




58.0 


1.5 




61.9 




0.3 


57,2 




0.5 


63.7 




07 


73.5 




1.0 


76.1 




1.5 


78.7 



As evident a considerable improvement of the re- 
tention effect was obtained when the cationic polyacry- 
lamide was used in combination with silica sol having 
high content of microgel, low S-value, according to the 
invention in comparison with the effect when it was used 
in combination with a commercial sol with low content 
of microgel. 



20 



25 



30 



35 



40 



45 



50 



5 



9 



EP 0 656 872 B1 



10 



Example 3 

In this example the retention was evaluated in the 
same manner as in Ex. 2 using sol c) according to the 
invention in comparison with a sol according to the PCT 
application WO 91/07350, sol d), which like sol c) had 
an S-value of 21 but which had particles with a specific 
surface area of 897 m 2 /g. The stock was a standard 
stock with a concentration of 5.2 g/l, a fines fraction con- 
tent of 34% and a pH of 8.1 . The same cationic polyacr- 
ylamide as in Ex. 2 was used and was added in an 
amount of 0.8 kg/t. 



Sol 1d) 


Sol 1c) 


Retention 


Ref. 


kg/t 


kg/t 


% 


0.2 




43.9 


0.4 




58.5 


0.8 




73.0 




0.2 


47.5 




0.4 


71.6 




0.8 


72.1 



As evident as good retention can be obtained with 
aluminium modified sols with low S-value and a specific 
surface area of the order 600 m 2 /g as with aluminium 
modified sols with corresponding low S-value but with 
particles having substantially larger surface area. 



Claims 

1. Silica sol, characterized in that the sol has an S- 
value within the range of from 15 to 40 per cent and 
in that it contains silica particles, which can be alu- 
minium modified or non-aluminium modified, hav- 
ing a specific surface area within the range of from 
300 to 700 m 2 /g, as measured by titration with 
sodium hydroxide. 

2. Silica sol according to claim 1 , characterized in that 
the silica particles have a specific surface area 
within the range from 400 to 650 m 2 /g. 

3. Silica sol according to claim 1 or 2, characterized in 
that the sol has an S-value within the range of from 
15 to 35 per cent. 

4. Silica sol according to any of the preceding claims, 
characterized in that the silica particles are non-alu- 
minium modified. 

5. A process for the production of paper from a sus- 
pension of cellulose containing fibres, and optional 
fillers, whereby a cationic or amphoteric polymer 



and an anionic silica sol are added to the suspen- 
sion and the suspension is formed and dewatered 
on a wire, characterized in that to the suspension 
are added the polymer and a sol which has an S- 
5 value within the range from 15 to 40 per cent and 
which contains aluminium modified or non-alumin- 
ium modified silica particles having a specific sur- 
face area within the range from 300 to 700 m 2 /g, as 
measured by titration with sodium hydroxide. 

ro 

6. A process according to claim 5, characterized in 
that the particles of the sol are non-aluminium mod- 
ified. 

is 7. A process according to claim 5 or 6, characterized 
in that the silica sol particles have a specific surface 
area within the range from 400 to 650 m 2 /g. 

8. A process according to any of the claims 5, 6 or 7, 
20 characterized in that sol and a cationic acrylamide 

based polymer are added to the suspension. 

9. A process according to any of the claims 5, 6, 7 or 
8, characterized in that the sol is added in an 

25 amount of from 0.01 to 5 kg/ton, calculated as Si0 2 
on dry fibres and optionally fillers. 

10. A process according to any of the claims 5 to 9, 
characterized in that the weight ratio of cationic or 

30 amphoteric polymer to sol, calculated as Si0 2 , is 
within the range of from 0.2:1 to 100:1. 



Patentanspruche 

35 

1. Kieselsauresol, dadurch gekennzeichnet, daft das 
Sol einen S-Wert im Bereich von 1 5 bis 40 % auf- 
weist und daft es Siliciumdioxidteilchen enthalt, die 
mit Aluminium modifiziert oder nicht mit Aluminium 

40 modifiziert sein konnen, mit einer spezifischen 
Oberflache im Bereich von 300 bis 700 m 2 /g, 
gemessen durch Titration mit Natriumhydroxid. 

2. Kieselsauresol nach Anspruch 1, dadurch gekenn- 
45 zeichnet, daft die Siliciumdioxidteilchen eine spezi- 

fische Oberflache im Bereich von 400 bis 650 m 2 /g 
aufweisen. 

3. Kieselsauresol nach Anspruch 1 oder 2, dadurch 
50 gekennzeichnet, daft das Sol einen S-Wert im 

Bereich von 15 bis 35 % aufweist. 

4. Kieselsauresol nach einem der vorstehenden 
Anspruche, dadurch gekennzeichnet, daft die Sili- 

55 ciumdioxidteilchen nicht mit Aluminium modifiziert 
sind. 

5. Verfahren zur Hersteilung von Papier aus einer 
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Suspension von Cellulose enthaltenden Fasern 
und gegebenenfalls Fullstoffen, wobei ein kationi- 
sches oder amphoteres Polymer und ein anioni- 
sches Kieselsauresol zur Suspension gegeben 
werden und die Suspension auf einem Sieb geformt 
und entwassert wird, dadurch gekennzeichnet, daB 
zur Suspension das Polymer und ein Sol gegeben 
werden, das einen S-Wert im Bereich von 15 bis 40 
% aufweist und das Siticiumdioxidteilchen enthalt, 
die mit Aluminium modifiziert Oder nicht mit Alumi- 
nium modifiziert sind, mit einer spezifischen Ober- 
flache im Bereich von 300 bis 700 m 2 /g, gemessen 
durch Titration mit Natriumhydroxid. 

6. Verfahren nach Anspruch 5, dadurch gekennzeich- 
net, daB die Teilchen des Sols nicht mit Aluminium 
modifiziert sind. 

7. Verfahren nach Anspruch 5 Oder 6, dadurch 
gekennzeichnet, daB die Kieselsauresol-Teilchen 
eine spezifische Oberflache im Bereich von 400 bis 
650 m 2 /g aufweisen. 

8. Verfahren nach einem der Anspruche 5, 6 oder 7, 
dadurch gekennzeichnet daB das Sol und ein kat- 
ionisches Polymer auf Acrylamidbasis zur Suspen- 
sion gegeben werden. 

9. Verfahren nach einem der Anspruche 5, 6, 7 oder 
8, dadurch gekennzeichnet, daB das Sol in einer 
Menge von 0.01 bis 5 kg/Tonne, berechnet als Si0 2 , 
bezogen auf Trockenfasern und gegebenenfalls 
Fullstoffe, zugegeben wird. 

10. Verfahren nach einem der Anspruche 5 bis 9, 
dadurch gekennzeichnet, daB das Gewichtsver- 
haltnis von kationischem oder amphoterem Poly- 
mer zum Sol, berechnet als Si0 2 , im Bereich von 
0.2:1 bis 100:1 liegt. 



Revendications 

1. Sol de silice caracterise en ce que le sol a une 
valeur S se situant dans I'intervalle allant de 15 a 
40%, et en ce qu'il contient des particules de silice, 
qui peuvent etre modifiees par I'aluminium ou n'etre 
pas modifiees par I'aluminium, ayant une surface 
specifique se situant dans I'intervalle allant de 300 



caracterise en ce que le sol a une valeur S se situant 
dans I'intervalie allant de 15 a 35%. 

4. Sol de silice conforme a I'une quelconque des pre- 
5 cedentes revendications, caracterise en ce que les 

particules de silice ne sont pas modifiees par I'alu- 
minium. 

5. Precede de production de papier a partir d'une sus- 
10 pension de cellulose contenant des fibres, et even- 

tueilement des charges, dans lequel on ajoute un 
polymere amphotere ou cationique et un sol de 
silice anionique a la suspension, et on forme la sus- 
pension, et on deshydrate sur une toile metallique, 

is caracterise en ce qu'on ajoute a la suspension le 
polymere et, un sol qui a une valeur S se situant 
dans I'intervalle allant de 1 5 a 40 % et qui contient 
des particules de silice qui sont modifiees par I'alu- 
minium ou qui ne sont pas modifiees par I'alumi- 

20 nium, et qui presentent une surface specifique se 
situant dans I'intervalle allant de 300 a 700 m 2 /g, 
mesuree par titrage par I'hydroxyde de sodium. 

6. Precede conforme a la revendication 5, caracterise 
25 en ce que les particules du sol ne sont pas modi- 
fiees par I'aluminium. 

7. Procede conforme a la revendication 5 ou 6, carac- 
terise en ce que les particules du sol de silice ont 

30 une surface specifique se situant dans I'intervalle 
allant de 400 a 650 m 2 /g. 

8. Precede conforme a I'une quelconque des revendi- 
cations 5, 6, ou 7, caracterise en ce qu'on ajoute un 

35 sol et un polymere cationique a base d'acrylamide 
a la suspension. 

9. Procede conforme a I'une quelconque des revendi- 
cations 5, 6, 7 ou 8, caracterise en qu'on ajoute le 

40 sol en une quantite de 0,01 a 5 kg/t, calculee sous 
forme de Si0 2 par rapport aux fibres seches et 
eventuellement aux charges. 

10. Precede conforme a I'une quelconque des revendi- 
45 cations 5 a 9, caracterise en ce que le rapport pon- 

deral du polymere cationique ou amphotere au sol, 
calcule sous forme de Si0 2 , se situe dans I'inter- 
valle allant de 0,2:1 a 100:1. 



40 



a 700 m 2 /g, qui est determinee par titrage par 50 
I'hydroxyde de sodium. 

2. Sol de silice conforme a la revendication 1, carac- 
terise en ce que les particules de silice ont une sur- 
face specifique se situant dans I'intervalle allant de 55 
400 a 650 m 2 /g. 

3. Sol de silice conforme a la revendication 1 ou 2, 
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